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ABSTRACT 

 

Ankylosing spondylitis, a chronic inflammatory 

disease, is a burden on the patient and society. 

Serum levels of Tartrate Resistant Acid 

Phosphatase were assessed in 61 patients, who 

had mild AS, and 65 age and sex-matched 

patients with moderate AS. Tartrate Resistant 

Acid Phosphatase was significantly increased in 

patients with moderate disease compared with 

patients having mild disease. The data from the 

present study indicate that TRAP might be a 

marker for AS. 
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INTRODUCTION 

Ankylosing spondylitis (AS) is a 

chronic inflammatory disease of unknown 

cause, characterized by sacroiliitis and 

spondylitis. 
(1)

 AS is the most frequent and 

most severe subtype of spondyloarthritis. 
(2)

 The estimated number of AS cases is 

about 4.63 to 4.98 million in Asia. 
(3)

 AS 

affects the axial skeleton, causing 

characteristic inflammatory back pain, 

which can lead to structural and functional 

impairments and a decrease in quality of 

life. 
(4)

 The first symptoms of AS usually 

appear in late adolescence. The initial 

symptom is typically a dull pain that is 

insidious in onset, felt deep in the buttock 

and/or in the lower lumbar regions and is 

accompanied by morning stiffness that lasts 

for a few hours, improves with activity, and 

returns with inactivity. The pain becomes 

persistent and bilateral within a few months 

and is usually worse at night. Immune 

mediated mechanisms are involved in the 

pathogenesis, evidenced by inflammatory 

histology, raised serum levels of IgA and 

acute phase reactants, and the close 

relationship between HLA-B27 and AS. 
(5)

  

AS is the prototypical member of the 

family of spondyloarthropathies, and is 

characterized by seronegativity, axial 

predominance and new bone formation, 

which underlie symptoms of inflammatory, 

back pain, enthesopathy and extra-articular 

manifestations, including anterior uveitis, 

psoriasis and colitis. Patients with AS 

typically experience a wide variety of 

morbidities. These include both morbidities 

related to the disease itself- most 

prominently progressive, irreversible, 

structural damage to the axial or peripheral 

skeleton and morbidities stemming from 

treatments for the disease, including 

toxicities from NSAID use, and increased 

risk of infections and immunogenicity 

concerns with biologics. 
(6)

 

Due to chronicity of the disease and 

its development in early adulthood, the 

burden of the disease is consequently 

substantial on both patients and society.  

Several biochemical markers have 

been studied to assess progress or prognosis 

of the disease, for example interleukin-6, 
(7)

 

matrix metalloproteinase 3, 
(8)

 circulating 

protein fragments of cartilage and 

connective tissue degradation, 
(9)

 etc. But all 

markers have their respective drawbacks in 

predicting the course of the disease. So, the 

present study was undertaken to assess the 

serum levels of Tartrate Resistant Acid 
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Phosphatase (TRAP)in AS to find out 

whether there is any change of the above 

mentioned parameter, and if it is 

significantly related to AS.  

 

MATERIALS AND METHODS 

The present study was a hospital-

based study conducted in the department of 

Biochemistry of a tertiary care medical 

college and hospital of West Bengal. The 

study was approved by the local ethical 

committee and all patients gave their 

informed consent to take part in this 

investigation. 

The present study period was 8 

months and included 126 AS patients 

attending the outpatient department (OPD), 

duration of disease ranging from 1 year to 7 

years. The patients were in the age range of 

19 to 32 years. The patients were divided 

into Group A, having 61 patients who had 

mild disease, and Group B, having 65 age 

and sex-matched patients with moderate 

disease. Complete history and physical 

examination of all cases were undertaken. 

Exclusion criteria included subjects having 

hairy cell leukemia, metastatic bone 

cancers, osteoporosis, Paget's disease, 

osteogenesis imperfecta, multiple myeloma, 

myeloproliferative disorders.  

Venous blood sample was collected 

from each case after 12 hours of fasting. All 

samples were coded and assayed in a blind 

fashion by an investigator who was unaware 

of the subjects' clinical status. 

Serum TRAP was determined as 

follows: p-Nitrophenyl phosphate (pNPP; 

7.6 mmol/L) was used as substrate in a 

buffer containing 100 mmol/L sodium 

acetate and 50 mmol/L sodium tartrate (pH 

5.5). Samples (50 μ L) were added to 150 μ 

L of substrate and incubated at 37 °C for 60 

min. The reaction was stopped by the 

addition of 50 μ L of 3 mol/L NaOH; the 

absorbance was read at 405 nm. The activity 

was estimated in U/L, using solutions of p-

nitrophenolate as calibrators. 
(10)

 

Statistical analysis of the data was 

performed by using Statistical Package for 

Social Sciences (SPSS) and inferences were 

drawn. P <0.05 was considered to be 

significant and p<0.001 highly significant. 

 

RESULTS 

 
Table 1. Serum levels of TRAP (in Mean+SD) in cases 

 Group A Group B 

TRAP (U/L) 6.3+0.81 6.7+0.92 

 

p value and statistical significance: 

 The two-tailed p value equals 0.0109 

 By conventional criteria, this difference is 

considered to be statistically significant. 

 

Confidence interval: 

 The mean of Group A minus Group B 

equals -0.4000 

 95% confidence interval of this difference: 

From -0.7064 to -0.0936 

 

Intermediate values used in calculations: 

 t = 2.5836 

 df = 124 

 standard error of difference = 0.155 

SEM values of groups A and B are 

respectively 0.1037 and 0.1141 

 

DISCUSSION 

In AS there is synovitis, which tends 

to produce articular erosion, and an 

inflammatory enthesopathy, which results in 

capsular ossification in diarthrodial joints 

and syndesmophyte formation in 

cartilaginous joints, both of which are 

primarily responsible for bony ankylosis. 

Nonspecific secondary mechanisms 

contribute to the final picture. These include 

enchondral ossification, which produces 

synostosis, osteoporosis and altered stress 

distribution. 
(11)

 AS is characterized by both 

increased bone formation and increased 

bone resorption. 
(12)

 Osteoporosis is 

observed in parallel with increased bone 

resorption. 
(13)

  

TRAP is highly expressed in 

osteoclasts and, therefore, used as a specific 

histochemical marker for these cells. 
(14)

 

TRAP prompts the dephosphorylation of 

bone matrix phosphoproteins like 

osteopontin and bone sialoprotein and was 

originally shown to be important for a 
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normal endochondral bone formation. 
(15,16)

 

Occurrence of the enzyme in the cartilage 

canals exactly at the onset of their formation 

suggests a possible role in the establishment 

of the vascular network. 
(17,18)

 TRAP can 

dephosphorylate a number of substrates, 

including osteopontin, bone sialoprotein, 

casein, and mannose 6-phosphate. 
(19,20)

 

Moreover, TRAP is abundantly expressed 

on osteoclasts and plays an important role in 

osteoclastic bone resorption. For example, 

the resorbed bone matrix, such as type I 

collagen, is endocytosed into osteoclasts and 

is likely to be further degraded by reactive 

oxygen species (ROS) derived from 

TRAP. 
(21)

 In addition, TRAP seems to be 

secreted into the resorption lacuna and 

dephosphorylates bone matrix osteopontin, 

resulting in enhanced migration of 

osteoclasts. 
(19,22)

 By far the greatest interest 

in the biochemistry of mammalian TRAP 

relates to its use as a marker for osteoclasts, 

the cells that resorb bone. The relative 

specificity of TRAP as an osteoclast marker, 

its proposed involvement in the resorptive 

process, and its abundance has suggested 

that it could be used as a serum marker for 

bone resorptive activity in pathological 

states. 
(23)

 

In the present study, AS cases had 

increased levels of TRAP compared to 

healthy people; group B subjects, having 

moderate disease, had significantly higher 

levels of TRAP compared to group A 

subjects, having mild disease (table 1). 

Serum TRAP has been indicated as a 

disease associated marker for the clinical 

diagnosis of excessive bone resorption. 
(14,24)

 

Furthermore, it increases with the rate of 

resorption taking place. 
(10)

 Also, there is a 

direct relation between excessive osteoclast 

facilitated bone resorption and the arrival of 

increased amounts of TRAP in the 

circulation. Thus, in the present study, 

increased TRAP levels might indicate bone 

resorption in AS. Other biochemical 

markers of bone resorption were found by 

Grisar et al to be significantly increased in 

patients with AS. 
(25)

 

But, there are certain limitations in 

the present study. Number of patients in the 

study groups was not large. Thus, care must 

be taken in extrapolating the present 

findings to other populations. Patients were 

taking a number of medications to control 

AS. However, the drugs are characteristic of 

patients with AS and do not affect serum 

TRAP levels. Despite these limitations, we 

believe that our study points towards using 

TRAP as an important, promising marker 

for AS. As our findings point to an increase 

in TRAP, the problem of bone resorption in 

AS should also be further investigated in a 

larger number of patients, and other markers 

should be assessed. 

 

CONCLUSION 

The present study indicates that 

TRAP might be used as marker for AS. 

Still, other aspects of AS should be 

assessed, with a bigger study group, more 

parameters and better, sophisticated tools, to 

validate the present data, and continue the 

line of research.  
 

Funding: None 

Conflict of interest: None declared 

 

REFERENCES 

1. Chen J, Veras MMS, Liu C, Lin J. 

Methotrexate for ankylosing spondylitis. 

Cochrane Database Syst Rev. 2013 Feb 

28;(2):CD004524.doi: 

10.1002/14651858.CD004524.pub4. 

2. Maghraoui A E. Extra-articular 

manifestations of ankylosing spondylitis: 

prevalence, characteristics and therapeutic 

implications. Eur J Int 

Med 2011;22(6):554-560 

3. Dean LE, Jones GT, MacDonald 

AG, Downham C, Sturrock RD,  

Macfarlane GJ.Global prevalence of 

ankylosing spondylitis. Rheumatology 

2014; 53(4): 650–657 

4. BraunJ , Sieper J. Ankylosing spondylitis. 

Lancet. 2007;369(9570):1379-1390. 

5. Sieper J, Braun J, Rudwaleit M, BoonenA, 

Zink A. Ankylosing spondylitis: an 

overview. Ann Rheum Dis 2002;61(Suppl 

III):iii8–iii18 

https://pubmed.ncbi.nlm.nih.gov/?term=Chen+J&cauthor_id=23450553
https://pubmed.ncbi.nlm.nih.gov/?term=Veras+MM&cauthor_id=23450553
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+C&cauthor_id=23450553
https://pubmed.ncbi.nlm.nih.gov/?term=Lin+J&cauthor_id=23450553
https://europepmc.org/authors/0000-0003-0668-5680
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://pubmed.ncbi.nlm.nih.gov/?term=Braun+J&cauthor_id=17448825
https://pubmed.ncbi.nlm.nih.gov/?term=Sieper+J&cauthor_id=17448825


Debkumar Ray et.al. Serum levels of tartrate resistant acid phosphatase in ankylosing spondylitis 

                                      International Journal of Research and Review (ijrrjournal.com)  423 

Vol.7; Issue: 9; September 2020 

6. Bergman M,Lundholm A. Managing 

morbidity and treatment-related toxicity in 

patients with ankylosing spondylitis.  

Rheumatology 2018;57(3):419–428 

7. Pradeep DJ, Keat A, Gaffney K. 

Predicting outcome in ankylosing 

spondylitis. Rheumatology 2008;47(7): 

942–945 

8. Maksymowych WP, Landewé R, 

Conner‐Spady B,Dougados M,Mielants H, 

van der Tempel H, et al . Serum matrix 

metalloproteinase 3 is an independent 

predictor of structural damage progression 

in patients with ankylosing spondylitis. 

Arthritis Rheum. 2007 ;56(6):1846-53. 

9. Bay-Jensen AC, Wichuk S, Byrjalsen 

I, Leeming DJ, Morency N, Christiansen 

C, et al. Circulating protein fragments of 

cartilage and connective tissue 

degradation are diagnostic and prognostic 

markers of rheumatoid arthritis and 

ankylosing spondylitis. PLoS One. 2013; 

8(1):e54504.doi: 

10.1371/journal.pone.0054504. 

10. Lau K-HW, Onishi T, Wergedal JE, 

Singer FR, Baylink DJ. Characterization 

and assay of tartrate-resistant acid 

phosphatase activity in serum: potential 

use to assess bone resorption. ClinChem 

1987;33:458–62. 

11. Ball J. Articular pathology of ankylosing 

spondylitis. Clinical Orthopaedics and 

Related Research 1979, (143):30-37 

12. Arends S, Spoorenberg A, Bruyn 

GAW, Houtman PM, Leijsma 

MK, Kallenberg CGM,et al. The relation 

between bone mineral density, bone 

turnover markers, and vitamin D status in 

ankylosing spondylitis patients with active 

disease: a cross-sectional analysis. 

Osteoporos Int. 2011;22(5):1431-9. 

13. A El Maghraoui , D Borderie, B 

Cherruau, R Edouard, M Dougados, C 

Roux. Osteoporosis, body composition, 

and bone turnover in ankylosing 

spondylitis. J Rheumatol.  1999;26(10): 

2205-9. 

14. Minkin C. Bone acid phosphatase: 

tartrate-resistant acid phosphatase as a 

marker of osteoclast function. Calcif 

Tissue Int. 1982;34:285–290. 

15. Hollberg K, Hultenby K, Hayman A, Cox 

T, Andersson G. Osteoclasts from mice 

deficient in tartrate-resistant acid 

phosphatase have altered ruffled borders 

and disturbed intracellular vesicular 

transport. Experimental Cell Research.  

2002; 279:227–238. 

16. Hayman AR, Jones SJ, Boyde A, Foster 

D, Colledge WH, Carlton MB, et al. Mice 

lacking tartrate-resistant acid phosphatase 

(Acp 5) have disrupted endochondral 

ossification and mild osteopetrosis.  

Development. 1996;122:3151–3162 

17. Allerstorfer D, Longato S, Schwarzer C, 

Fischer-Colbrie R, Hayman AR, Blumer 

MJ. VEGF and its role in the early 

development of the long bone epiphysis. J 

Anat. 2010;216:611–624 

18. Alvarez J, Costales L, Serra R, Balbin M, 

Lopez JM. Expression patterns of matrix 

metalloproteinases and vascular 

endothelial growth factor during 

epiphyseal ossification. J Bone Miner 

Res. 2005;20:1011–1021. 

19. Ek-Rylander B, Flores M, Wendel 

M,Heinegård D, Andersson 

GDephosphorylation of osteopontin and 

bone sialoprotein by osteoclastic tartrate-

resistant acid phosphatase. Modulation of 

osteoclast adhesion in vitro. J 

BiolChem1994;269: 14853–14856. 

20. Sun P, Sleat DE, Lecocq M, Hayman AR, 

Jadot M, et al. Acid phosphatase 5 is 

responsible for removing the mannose 6-

phosphate recognition marker from 

lysosomal proteins. Proc Natl AcadSci U 

S A 2008;105: 16590–16595. 

21. Halleen JM, Räisänen S, Salo JJ, Reddy 

SV, Roodman GD, et al. Intracellular 

fragmentation of bone resorption products 

by reactive oxygen species generated by 

osteoclastic tartrate-resistant acid 

phosphatase. J BiolChem1999;274: 

22907–22910. 

22. Ek-Rylander B, Andersson G. Osteoclast 

migration on phosphorylated osteopontin 

is regulated by endogenous tartrate-

resistant acid phosphatase. Exp Cell Res 

2010;316: 443–451. 

23. Oddie GW, Schenk G, Angel NZ, Walsh 

N, Guddat LW, Jersey J De, et al. 

Structure, function, and regulation of 

javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Maksymowych%2C+Walter+P
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Landew%C3%A9%2C+Robert
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Conner-Spady%2C+Barbara
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Dougados%2C+Maxime
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Mielants%2C+Herman
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=van+der+Tempel%2C+Hille
https://pubmed.ncbi.nlm.nih.gov/?term=Bay-Jensen+AC&cauthor_id=23365672
https://pubmed.ncbi.nlm.nih.gov/?term=Wichuk+S&cauthor_id=23365672
https://pubmed.ncbi.nlm.nih.gov/?term=Byrjalsen+I&cauthor_id=23365672
https://pubmed.ncbi.nlm.nih.gov/?term=Leeming+DJ&cauthor_id=23365672
https://pubmed.ncbi.nlm.nih.gov/?term=Morency+N&cauthor_id=23365672
https://pubmed.ncbi.nlm.nih.gov/?term=Christiansen+C&cauthor_id=23365672
https://europepmc.org/search?query=AUTH:%22Ball%20J%22
https://pubmed.ncbi.nlm.nih.gov/?term=Arends+S&cauthor_id=20603707
https://pubmed.ncbi.nlm.nih.gov/?term=Spoorenberg+A&cauthor_id=20603707
https://pubmed.ncbi.nlm.nih.gov/?term=Bruyn+GA&cauthor_id=20603707
https://pubmed.ncbi.nlm.nih.gov/?term=Houtman+PM&cauthor_id=20603707
https://pubmed.ncbi.nlm.nih.gov/?term=Leijsma+MK&cauthor_id=20603707
https://pubmed.ncbi.nlm.nih.gov/?term=Kallenberg+CG&cauthor_id=20603707
https://pubmed.ncbi.nlm.nih.gov/?term=El+Maghraoui+A&cauthor_id=10529141
https://pubmed.ncbi.nlm.nih.gov/?term=Borderie+D&cauthor_id=10529141
https://pubmed.ncbi.nlm.nih.gov/?term=Cherruau+B&cauthor_id=10529141
https://pubmed.ncbi.nlm.nih.gov/?term=Cherruau+B&cauthor_id=10529141
https://pubmed.ncbi.nlm.nih.gov/?term=Edouard+R&cauthor_id=10529141
https://pubmed.ncbi.nlm.nih.gov/?term=Dougados+M&cauthor_id=10529141
https://pubmed.ncbi.nlm.nih.gov/?term=Roux+C&cauthor_id=10529141
https://pubmed.ncbi.nlm.nih.gov/?term=Roux+C&cauthor_id=10529141


Debkumar Ray et.al. Serum levels of tartrate resistant acid phosphatase in ankylosing spondylitis 

                                      International Journal of Research and Review (ijrrjournal.com)  424 

Vol.7; Issue: 9; September 2020 

Tartrate-Resistant Acid Phosphatase. 

Bone 2000;27(5):575-84 

24. Rico H, Villa LF. Serum tartrate resistant 

acid phosphatase (TRAP) as a 

biochemical marker of bone remodelling.  

Calcif Tissue Int 1993;52:149–50.  

25. GrisarJ , Bernecker PM, Aringer 

M, Redlich K, Sedlak M, Wolozcszuk W, 

et al. Ankylosing spondylitis, psoriatic 

arthritis, and reactive arthritis show 

increased bone resorption, but differ with 

regard to bone formation. J Rheumatol 

2002; 29(7):1430-6. 

 

How to cite this article: Ray D, Pradhan AK. 

Serum levels of tartrate resistant acid 

phosphatase in ankylosing spondylitis. 

International Journal of Research and Review. 

2020; 7(9): 420-424. 

 

****** 

https://pubmed.ncbi.nlm.nih.gov/?term=Grisar+J&cauthor_id=12136902
https://pubmed.ncbi.nlm.nih.gov/?term=Bernecker+PM&cauthor_id=12136902
https://pubmed.ncbi.nlm.nih.gov/?term=Aringer+M&cauthor_id=12136902
https://pubmed.ncbi.nlm.nih.gov/?term=Redlich+K&cauthor_id=12136902
https://pubmed.ncbi.nlm.nih.gov/?term=Sedlak+M&cauthor_id=12136902
https://pubmed.ncbi.nlm.nih.gov/?term=Wolozcszuk+W&cauthor_id=12136902

